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Preserver problems and reflexivity problems on operator
algebras and on function algebras

In the present thesis we give an overview of our results from our dissertation.

Our dissertation consists of two parts. The first one presents our results on preserver
problems concerning certain algebraic structures of linear operators or continuous functions.
The second part is devoted to our results on reflexivity problems concerning certain algebras of
functions. Both parts have separate introductions.

Some of our results presented here have appeared in our papers [23, 24, 28, 29, 69]. The
other results will be published in our articles [25, 26, 27].



PART I
Some preserver problems

Linear preserver problems concern the question of determining all linear maps on an
algebra which leave invariant a given subset, function or relation defined on the underlying
algebra. The study of linear preserver problems on matrix algebras represents one of the most
active research areas in matrix theory (see e.g. the survey papers [48, 49]). In the last decades
considerable attention has also been paid to the infinite dimensional case, i.e. to preserver
problems on operator algebras, and the investigations have resulted in several important results
(see e.g. the survey paper [14]).

In what follows we mention three of the main groups of linear preserver problems on operator
algebras. For brevity, we shall sometimes write LPPs for the expression linear preserver
problems.

The first group of LPPs is concerned with the characterization of linear transformations on a
linear space of bounded linear operators which preserve a certain given function. A well-known
example of this kind of LPPs is Frobenius’s result [22] from 1897. He gave the general form of all
determinant preserving linear maps on a matrix algebra. This result is commonly considered as
the first one on linear preserver problems. Another important example is the result of Jafarian
and Sourour [37], where they described the general form of surjective linear transformations on
the algebra of all bounded linear operators on a Banach space which preserve the spectrum of
the operators.

The second group of LPPs deals with the characterization of linear transformations which
preserve a certain subset of operators. As an example we mention Kaplansky’s famous question
[42] on invertibility preserving maps. Namely, he asked whether every surjective linear trans-
formation between Banach algebras which preserves invertibility in one direction is a Jordan
homomorphism. In such generality the answer turned out to be negative, but his question, mod-
ified with the additional assumption of the semi-simplicity of the underlying Banach algebras,
is still open and is one of the most important unsolved preserver problems.

The third group of LPPs concerns the characterization of linear transformations which pre-
serve a certain relation between operators. An important example is the problem of preserving
commutativity, which topic is still an active research area (cf. [77, 78]).

In several cases LPPs on matrix algebras or on operator algebras can be reduced to linear
preserver problems which concern rank (see e.g. [37, 87, 91]). Therefore, it is not surprising that
there is a vast literature on such problems. We mention just two important finite-dimensional
results here: Beasley’s result [9] on rank-k preserving linear maps and Loewy’s result [50]
on rank-k non-increasing linear maps. With regard to the infinite-dimensional case, i.e. to
preserver problems on operator algebras, the particular cases of preserving rank-1 operators or
preserving operators with rank at most 1 have been treated in the papers [36, 79].

In Chapter 2 we characterize the rank-k non-increasing linear maps, the rank-k preserving
linear maps, and the corank-k preserving linear maps on the algebra of all bounded linear
operators on a Hilbert space under a mild continuity condition, and we unify and extend the
results mentioned above. (The problem of corank-k preservers occurs obviously in the infinite-
dimensional case only.) Below we present only one of the theorems of Chapter 2. As one can
see in the dissertation, the further preservers under consideration are of similar forms.



Theorem 2.2 Let k be a positive integer and H a Hilbert space. Assume that ¢ : B(H) —
B(H) is a rank-k preserving linear map which is weakly continuous on norm bounded sets.
Assume also that the image of ¢ is not contained in By(H), where Byp(H) denotes the set
of all operators of rank k. Then there exists an injective operator A € B(H) and an operator
B € B(H) with dense image such that either $(T) = ATB for all T € B(H), or ¢(T) = AT" B
for all T € B(H), where T denotes the transpose of T relative to an arbitrary but fized
orthonormal basis of H.

The content of Chapter 2 was published in our paper [29].

The concept of linear preserver problems has so far meant investigations on matrix algebras
and on operator algebras, but similar questions can obviously be raised on arbitrary algebras.
In Chapter 3 we consider LPPs concerning function algebras, in which case the main LPPs
considered before have been the characterizations of linear bijections preserving some given
norm, or preserving disjointness of the support. We refer to [1, 21, 33, 38, 93, 94] for some of
the important and relatively recent papers on such problems. For convenience, we introduce
some notation. Let X be a locally compact Hausdorff space and let Cy(X) denote the algebra of
all continuous complex valued functions on X which vanish at infinity. The linear bijections of
Co(X) preserving the sup-norm are determined in the famous Banach-Stone theorem. Besides
the sup-norm, one of the most natural possibilities to measure a function is to consider the
diameter of its range. In Chapter 3 we characterize all the linear bijections of Cy(X) which
preserve the diameter of the range, and give a unification of the contents of our papers [23] and
[28]. Namely, we prove the following theorem.

Theorem 3.1 Let X be a first countable locally compact Hausdorff space, and let X,y denote
X U{oo} if X is not compact, and X if X is compact. Then Xy, endowed with a topology in a
natural way, is a compact Hausdorff space.

If X is compact, then a bijective linear map ¢ : Co(X) — Co(X) is diameter preserving if
and only if there exists a compler number 7 of modulus 1, a homeomorphism ¢ : X — X and
a linear functional t : Co(X) — C with t(1) # —7 such that ¢ is of the form

(3.1) O(f) =7 fop+it(f)l (f € Co(X)).

If X is not o-compact, then a bijective linear map ¢ : Co(X) — Co(X) is diameter preserving
if and only if there exists a complex number T of modulus 1 and a homeomorphism ¢ : X — X
such that ¢ is of the form

(3.2) of)=7-fop (f € Co(X)).

If the space X is o-compact but not compact, then a bijective linear map ¢ : Co(X) — Co(X)
15 diameter preserving if and only if there exists a compler number T of modulus 1 and a
homeomorphism ¢ : Xqg — Xy such that ¢ is of the form

(3.3) o(f)=7-fop—1f(pl0)l  (feCu(X)),
where f(oco) =0 for every f € Cy(X).



Up to now we have considered linear preserver problems. It is clear that preserver problems
can be raised without assuming any kind of linearity. We may consider transformations on
some algebraic structures which preserve some property, quantity, relation, etc. There are
a great number of results in mathematics which can be interpreted as preserver problems in
this general sense. We mention the very simple example of the isometries of a metric space:
the isometries can be viewed as transformations which preserve distance. Another example of
preserver problems of this general kind is Wigner’s famous unitary-antiunitary theorem, which
we treat in our dissertation in detail. The next theorem presents one of its several formulations
which characterizes the transformations on a Hilbert space preserving the absolute value of the
inner product of any pair of vectors.

Theorem 4.1 Let H be a complex Hilbert space and T’ : H — H an arbitrary function. Then

(4.1) [(Tz, Ty)| = [(z, )]

holds for any x,y € H if and only if there exists a function ¢ : H — C, |p| =1 and a linear or
conjugate linear isometry U : H — H such that

(4.2) T=¢- U

This result is one of the most important theorems concerning the probabilistic aspects of
quantum mechanics.

Several different proofs have been given for Wigner’s fundamental theorem mentioned above.
In Chapter 4 we present a further, elementary proof which is based on a completely new
approach. Our basic idea is as follows. We pick an orthonormal basis in the Hilbert space H,
and first we prove that there exist ¢ and U (as in Theorem 4.1) for the set F' of all vectors
with real coordinates. To see this, we show that on an arbitrary subset G C F, the elements of
which are not orthogonal to a given vector, our transformation 7" is of the form (4.2) with ¢
and U depending on G. To prove this, we consider all the subsets of G x G for the elements of
which (4.2) holds with (not necessarily the same) adequate ¢ and U, and we show that those
subsets satisfy the conditions of Zorn’s lemma. So there is a maximal subset in G x G with
this property, which turns out to be the whole G x GG. Then it is easy to show that there are
¢ and U for which T is of the form (4.2) on the whole Hilbert space.

Wigner’s theorem has been generalized in (at least) three directions. First, Uhlhorn [92]
generalized Wigner’s result by requiring only the preservation of orthogonality instead of that
of the absolute value of the inner product, and he was able to achieve the same conclusion
for the case in which the underlying space is at least 3 dimensional. Uhlhorn’s result has a
serious impact in physics. Secondly, Bargmann [7] and Sharma and Almeida [89] obtained
results similar to Wigner’'s without the assumption of bijectivity. As for the third direction,
we recall that sometimes Wigner’s theorem is formulated as the characterization of bijections
of the set of all 1-dimensional subspaces of a Hilbert space which preserve the angle between
those subspaces. Molnar [65] extended Wigner’s result in this respect to transformations on the
set of all n-dimensional subspaces (n being fixed) which preserve the so-called principle angles
between the subspaces. (For other generalizations of Wigner’s theorem see e.g. [55, 57, 59, 62]).
In Chapter 5 we extend Wigner’s theorem in all the three directions mentioned above, by
obtaining results on the structure of orthogonality preserving transformations on the set of all
n-dimensional subspaces of a Hilbert space under various conditions. Namely, we prove the
following theorem.



Theorem 5.1 Let H be a Hilbert space and n € NU {oco} with

51) {dimH> on  ifn €N,

dimH =00 ifn = o0,

and let ¢ : H, — H,, where H, denotes the set of all n-dimensional closed linear subspaces of
H, which are also of infinite codimension if n = co.

If ¢ : H, — H, is surjective, then ¢ preserves orthogonality in both directions if and only
if there exists a unique bijection v : Hy — Hy which preserves orthogonality in both directions,
and for any K € H, we have

(5.2) o(K) = span{y(X)|X € H;, X C K},

where span denotes the generated linear subspace.

Thus, by Uhlhorn’s theorem, if n € NU {oo} is such that (5.1) holds and ¢ : H, — H, is
surjective, then ¢ preserves orthogonality in both directions if and only if there exists a unitary
or antiunitary operator U on H such that for any K € H, we have

(5.3) 6(K) = U(K).

If H is finite dimensional, then ¢ preserves orthogonality in both directions (surjectivity is
not assumed) if and only if there exists a unique transformation ¢ : Hy — Hy which preserves
orthogonality in both directions and for any K € H, (5.2) holds. Moreover, if ¢ preserves
principal angles then 1 also preserves angles, thus in this case ¢ is of the form (5.3) with a
unitary or antiunitary operator U on H.



PART I1
Some reflexivity problems on function algebras

In the second part of the dissertation we deal with the problem of reflexivity of the
automorphism group and the isometry group of certain algebras of functions. The study of
reflexive linear subspaces of the algebra B(H) of all bounded linear operators on a Hilbert
space H represents one of the most active research areas in operator theory (see [30] for a
nice general view of reflexivity of this kind). In the last decades, similar questions concerning
certain important sets of transformations acting on Banach algebras rather than on Hilbert
spaces have also attracted considerable attention. The initiators of the research in this direction
are Kadison, Larson and Sourour. Kadison [41] studied local derivations from a von Neumann
algebra R into a dual R-bimodule M. He called a continuous linear map from R into M a
local derivation, if it agrees with a derivation at each point in the algebra R (the derivation
may differ from point to point). This investigation of Kadison was motivated by some problems
concerning the Hochschild cohomology of operator algebras. The main result, Theorem A, in
[41] states that in the above setting, every local derivation is a derivation. Independently,
Larson and Sourour [46] proved that the same conclusion holds for the local derivations of
B(X) (the definition is clear), where X is a Banach space. Since then, a considerable amount
of work has been done concerning local derivations of various algebras. See, for example,
[11, 18, 32, 40, 76, 85, 95, 97, 98, 99, 100]. Besides derivations, there are at least two further very
important classes of transformations on operator algebras which certainly deserve attention.
Namely, the group of automorphisms and the group of surjective isometries. Larson [45, Some
concluding remarks (5), p. 298] initiated the study of local automorphisms (the definition is
self-explanatory) of Banach algebras. In his joint paper with Sourour [46] that we have already
mentioned they proved that if X is an infinite dimensional Banach space, then every surjective
local automorphism of B(X) is an automorphism (see also the paper [11] of Bresar and Semrl).
For a separable infinite dimensional Hilbert space H, Bresar and Semrl [12] showed that the
above conclusion holds without the assumption of surjectivity, i.e. every local automorphism
of B(H) is an automorphism. For further results on local automorphisms, we refer to [72, 85].
The common feature of all those results is that they show that the local derivations, local
automorphisms, local isometries, etc. of the underlying structures are (global) derivations,
automorphisms, isometries, etc., respectively. Clearly, this is a remarkable property of the
underlying structure. As for function algebras, results of this kind were obtained by Cabello
Sanchez and Molnér [84], and by Molnar and Zalar [71].

We now define our concept of reflezivity. Let X be a Banach space (in fact, in the cases
which we are interested in, X is usually a Banach algebra) and for any subset & C B(X) let

ref,, € ={T € B(X) : Tx € Ex for all x € X},
ref, € = {T € B(X) : Tx € Ex for all x € X},

where bar denotes norm-closure. The above sets are called the algebraic reflexive closure and
the topological reflexive closure of €, respectively. The collection € of transformations is called
algebraically reflezive if ref,, € = €, and topologically reflexive if refy,, € = €.

In this terminology, the main result in [12] can be reformulated by saying that the auto-
morphism group of B(H) is algebraically reflexive. Similarly, Theorem 1.2 in [46] states that
the Lie algebra of all generalized derivations on B(X) is algebraically reflexive. For some fur-
ther results on the algebraic reflexivity of the automorphism and isometry groups we refer to

61, 71, 84].



Obviously, topological reflexivity is a stronger property than algebraic reflexivity. Shulman
[90] showed that the derivation algebra of any C*-algebra is topologically reflexive. Hence, not
only the local derivations are derivations in this case, but every bounded linear map which
agrees with the limit of some sequence of derivations at each point (this sequence may differ
from point to point) is a derivation. For the topological reflexivity of derivation algebras,
automorphism groups and isometry groups, we refer to [8, 39, 54, 56].

For the automorphism group or the isometry group of C*-algebras, such a general result as
in [90] does not hold. If A is a Banach algebra, then denote by Aut(A), Aut"(A) and Iso(A) the
group of automorphisms (i.e. multiplicative linear bijections), the group of sx-automorphisms
and the group of surjective linear isometries of A, respectively. Now, if X is an uncountable
discrete topological space, then it is not difficult to verify that the groups Aut(Cy(X)) and
Iso(Cy(X)) of the C*-algebra Cy(X) of all continuous complex valued functions on X vanishing
at infinity are not reflexive even algebraically. With regard to topological reflexivity, there are
even von Neumann algebras whose automorphism and isometry groups are not topologically
reflexive. For example, Batty and Molnér [8] showed that the infinite dimensional commutative
von Neumann algebras acting on a separable Hilbert space have this nonreflexivity property.
However, Molnér [54] proved that if H is a separable infinite dimensional Hilbert space, then
Aut(B(H)) and Iso(B(H)) are topologically reflexive. For an interesting result we refer to [61],
where Molnar studied the reflexivity of the automorphism and isometry groups of C*-algebras
appearing in the famous Brown-Douglas-Fillmore theory, which are extensions of the C*-algebra
of all compact operators on H by commutative separable unital C*-algebras. He proved that
the groups Aut and Iso are algebraically reflexive in the case of every such extension, but, for
example, in the probably most important case of extensions by C(T) (i.e. the so called Toeplitz
extensions) those groups are not topologically reflexive.

In Chapter 6 we deal with the reflexivity of the automorphism group and the isometry
group of the suspension of B(H). The concept of the suspension of a C*-algebra plays a very
important role in the K-theory of operator algebras. If A is a C*-algebra then its suspension
is the C*-tensor product Cy(R) ® A, which is well-known to be isomorphic to Cy(R,.A), the
algebra of all continuous functions from R into A which vanish at infinity. We know that the
automorphism group and the isometry group of B(H) are topologically reflexive [54]. We show
that Aut(Cy(R)) and Iso(Cy(R)) are algebraically (but not topologically) reflexive. In Chapter
6 we obtain several results, the following corollary of which can be considered as the main result
of Chapter 6.

Corollary 6.5 The automorphism and isometry groups of the suspension of B(H) are alge-
braically reflexive.

The content of Chapter 6 was published in our paper [69]. The referee of the manuscript put
the question whether it is possible to describe the topological reflexive closures of Aut(Cy(R) ®
B(H)) and Iso(Cy(R) ® B(H)). Chapter 7 is devoted to answer this question. Among others,
we obtain the following result.



Corollary 7.2 Let ¢ : Co(R,B(H)) — Co(R,B(H)) be a linear map.  We have
¢ € refy, Iso(Co(R, B(H))) resp. ¢ € refy,, Aut™(Co(R, B(H))), if and only if there erists
an open interval U C R, a surjective, monotone, continuous function ¢ : U — R, and
7:U — Iso(B(H)) resp. 7: U — Aut”™(B(H)), such that ¢ is of the form

(7.1) o(F)(y) = {g(y)(f(so(y))) Ziz i g,\ ]

for any f € Co(R, B(H)). Moreover, if ¢ is of the form (7.1), then T is strongly continuous.

In the concept of local derivations, local automorphisms, etc. we supposed that the trans-
formations under consideration are linear and they equal a derivation, automorphism, etc.,
respectively, at every single point of the underlying algebra. If we drop the condition of lin-
earity, it is easy to see that the obtained concept is so general (because the assumption is so
weak) that it is practically useless. Motivated by the result of Kowalski and Slodkowski [44]
on a non-linear characterization of the characters of commutative Banach algebras, Semrl [88]
introduced the concept of 2-locality. For example, we say that a (not necessarily linear) trans-
formation ¢ of a Banach algebra is called a 2-local automorphism, if for any pair x,y of points
in the Banach algebra under consideration we have an automorphism ¢, , (depending on = and
y) such that ¢(z) = ¢,,(x) and ¢(y) = ¢, ,(y). The definition of 2-local derivations, 2-local
isometries, etc. are similar. Semrl [88] proved that every 2-local automorphism of B(H) (H
being an infinite dimensional separable Hilbert space) is an automorphism, and every 2-local
derivation of B(H) is a derivation.

This concept of 2-locality has the advantage that it can be considered in relation with
any algebraic structure as we do not assume any kind of linearity. Clearly, it is a remarkable
property of the underlying algebraic structure if its 2-local automorphisms, 2-local (surjective
linear) isometries, etc. are (global) automorphisms, isometries, etc., respectively. In fact, this
means that the automorphisms, isometries, etc. are determined by their local actions on the
2-point subsets. For some recent results on 2-local derivations, 2-local automorphisms and
2-local isometries we refer to [6, 35, 43, 64, 66, 67, 70].

Molnér [66] studied 2-local isometries of operator algebras. He proved that every such
transformation of a C*-subalgebra of B(H) which contains the compact operators and the
identity is a (surjective linear) isometry. Moreover, he raised the problem of considering similar
questions concerning function algebras. In Chapter 8 we obtain such a result for one of
the most important types of function algebras, namely for Cy(X). We prove the following
statement.

Theorem 8.2 If X is a first countable o-compact Hausdorff space then every 2-local isometry
of Co(X) is a (surjective linear) isometry.

The content of Chapter 8 appeared in our paper [24].



Bibliography

1]

[10]

[11]

[12]

[13]

[14]

J. Araujo, E. Beckenstein, and L. Narici, Biseparating maps and homeomorphic realcom-
pactifications, J. Math. Anal. Appl. 192 (1995), 258-265.

M.D. Atkinson, Primitive spaces of matrices of bounded rank II, J. Austral. Math. Soc.
Ser. A 34 (1983), 306-315.

M.D. Atkinson and S. Lloyd, Large spaces of matrices of bounded rank, Quart. J. Math.
Oxford Ser. (2) 31 (1980), 253-262.

M.D. Atkinson and S. Lloyd, Primitive spaces of matrices of bounded rank, J. Austral.
Math. Soc. Ser. A 30 (1980/81), 473-482.

7. Bai and J. Hou, Linear maps and additive maps that preserve operators annihilated by
a polynomial, J. Math. Anal. Appl. 271 (2002), 139-154.

M. Barczy and M. Téth, Local automorphisms of the sets of states and effects on a Hilbert
space, Rep. Math. Phys. 48 (2001), 289-298.

V. Bargmann, Note on Wigner’s theorem on symmetry operations, J. Math. Phys. 5 (1964),
862-868.

C.J.K. Batty and L. Molnar, On topological reflexivity of the groups of *-automorphisms
and surjective isometries of B(H), Arch. Math. 67 (1996), 415-421.

L.B. Beasley, Linear operators on matrices: the invariance of rank-k matrices, Linear
Algebra Appl. 107 (1988), 161-167.

M. Bresar, W.S. Martindale, and C.R. Miers, Maps preserving n*" powers, Commun. Al-
gebra 26 (1998), 117-138.

M. Bresar and P. Semrl, Mappings which preserve idempotents, local automorphisms, and
local derivations, Canad. J. Math. 45 (1993), 483-496.

M. Bresar and P. Semrl, On local automorphisms and mappings that preserve idempotents,
Studia Math. 113 (1995), 101-108.

M. Bresar and P. Semrl, Linear maps preserving the spectral radius, J. Funct. Anal. 142
(1996), 360-368.

M. Bresar and P. Semrl, Linear preservers on B(X), Banach Cent. Publ. 38 (1997), 49-58.



[15]

[16]

[17]

18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

28]

[29]

[30]

[31]

[32]

G. Casinelli, E. de Vito, P. Lahti, and A. Levrero, Symmetry groups in quantum mechanics
and the theorem of Wigner on the symmetry transformations, Rev. Mat. Phys. 8 (1997),
921-941.

P.R. Chernoff, Representations, automorphisms and derivations of some operator algebras,
J. Funct. Anal. 12 (1973), 275-289.

P. Civin and B. Yood, Lie and Jordan structures in Banach algebras, Pacific J. Math. 15
(1965), 775-797.

R.L. Crist, Local derivations on operator algebras, J. Funct. Anal. 135 (1996), 76-92.

T. Dang, Y. Friedmann, and B. Russo, Affine geometric proof of the Banach Stone theorems
of Kadison and Kaup, Rocky Mountain J. Math. 20 (1990), 409-428.

H. Flanders, On spaces of linear transformations with bounded rank, J. London Math. Soc.
2 (1962), 10-16.

J.J. Font and S. Hernandez, On separating maps between locally compact spaces, Arch.
Math. 63 (1994), 158-165.

G. Frobenius, Uber die Darstellung der endlichen Gruppen durch lineare Substitutionen,
Sitzungsber. Konigl. Preuss. Akad. Wiss. Berlin (1897), 994-1015.

M. Gyéry, Diameter preserving bijections of Co(X), Publ. Math. Debrecen 54 (1999),
207-215.

M. Gy6ry, 2-local isometries of Cy(X), Acta Sci. Math. (Szeged) 67 (2001), 735-746.

M. Gyory, On the transformations of all n-dimensional subspaces of a Hilbert space pre-
serving orthogonality, Publ. Math. (Debrecen) 65 (2004), 233-242.

M. Gyory, A new elementary proof for Wigner’s theorem, Rep. Math. Phys., to appear.

M. Gy6ry, On the reflexivity of the isometry groups of the suspension of B(H), Studia
Math., to appear.

M. Gy6ry and L. Molnér, Diameter preserving bijections of C(X), Arch. Math. (Basel) 71
(1998), 301-310.

M. Gyéry, L. Molnér, and P. Semrl, Linear rank and corank preserving maps on B(H)
and an application to *-semigroup isomorphisms of operator ideals, Linear Alg. Appl. 280
(1998), 253-266.

D. Hadwin, A general view of reflexivity, Trans. Amer. Math. Soc. 344 (1994), 325-360.

J. Hakeda, Additivity of *-semigroup isomorphisms among *-algebras, Bull. London Math.
Soc. 18 (1986), 51-56.

D. Han and S. Wei, Local derivations of nest algebras, Proc. Am. Math. Soc. 123 (1995),
3095-3100.

10



[33]

[34]
[35]

[36]
[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

S. Hernandez, E. Beckenstein, and L. Narici, Banach-Stone theorems and separating maps,
Manuscripta Math. 86 (1995), 409-416.

M.R. Hestenes, Relative Hermitian matrices, Pacific J. Math. 11 (1961), 225-245.

C. Hou and S. Hou, Local automorphisms of nest algebras, Indian J. Pure Appl. Math. 32
(2001), 1667-1678.

J. Hou, Rank-preserving linear maps on B(X), Sci. China Ser. A 32 (1989), 929-940.

A A. Jafarian and A.R. Sourour, Spectrum-preserving linear maps, J. Funct. Anal. 66
(1986), 255-261.

J.S. Jeang and N.C. Wong, Weighted composition operators of Cyo(X)’s, J. Math. Anal.
Appl. 201 (1996), 981-996.

W. Jing, S. Lu, and G. Han, On topological reflexivity of the spaces of derivations on
operator algebras, Appl. Math., Ser. B 17 (2002), 75-79.

B.E. Johnson, Local derivations on C*-algebras are derivations, Trans. Am. Math. Soc.
353 (2001), 313-325.

R.V. Kadison, Local derivations, J. Algebra 130 (1990), 494-509.

I. Kaplansky, Algebraic and analytical aspects of operator algebras, CBMS Regional Conf.
Ser. in Math. 1, Amer. Math. Soc., Providence (1970).

S.0. Kim and J.S. Kim, Local automorphisms and derivations on M, Proc. Amer. Math.
Soc., to appear.

S. Kowalski and Z. Slodkowski, A characterization of multiplicative linear functionals in
Banach algebras, Studia Math. 67 (1980), 215-223.

D.R. Larson, Reflezivity, algebraic reflexivity and linear interpolation, Amer. J. Math. 110
(1988), 283-299.

D.R. Larson and A.R. Sourour, Local derivations and local automorphisms of B(X), Proc.
Sympos. Pure Math. 51 (1990), 187-194.

J.S. Lemont and P. Mendelson, The Wigner unitary-antiunitary theorem, Ann. Math. 78
(1963), 548-559.

C.K. Li and S. Pierce, Linear preserver problems, Amer. Math. Monthly 108 (2001), 591
605.

C.K. Li and N.K. Tsing, Linear preserver problems: A brief introduction and some special
techniques, Linear Algebra Appl. 162-164 (1992), 217-235.

R. Loewy, Linear mappings which are rank-k non-increasing, Linear and Multilinear Al-
gebra 34 (1993), 21-32.

W.S. Martindale, When are multiplicative mappings additive?, Proc. Amer. Math. Soc. 21
(1969), 695-698.

11



[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

L. Molnar, Two characterisations of additive *-automorphisms of B(H), Bull. Austral.
Math. Soc. 53 (1996), 391-400.

L. Molnér, Wigner’s unitary-antiunitary theorem via Herstein’s theorem on Jordan home-
omorphisms, J. Nat. Geom. 10 (1996), 137-148.

L. Molnar, The set of automorphisms of B(H) is topologically reflexive in B(B(H)), Studia
Math. 122 (1997), 183-193.

L. Molnar, An algebraic approach to Wigner’s unitary-antiunitary theorem, J. Austral
Math. Soc. 65 (1998), 354-369.

L. Molnar, A proper standard C*-algebra whose automorphism and isometry groups are
topologically reflexive, Publ. Math. (Debrecen) 52 (1998), 563-574.

L. Molnar, A generalization of Wigner’s unitary-antiunitary theorem to Hilbert modules,
J. Math. Phys. 40 (1999), 5544-5554.

L. Molnér, Some linear preserver problems on B(H) concerning rank and corank, Lin. Alg.
Appl. 286 (1999), 311-321.

L. Molnér, Generalization of Wigner’s unitary-antiunitary theorem for indefinite inner
product spaces, Commun. Math. Phys. 201 (2000), 785-791.

L. Molnéar, On isomorphisms of standard operator algebras, Studia Math. 142 (2000),
295-302.

L. Molnar, Reflexivity of the automorphism and isometry groups of C*-algebras in BDF
theory, Arch. Math. 74 (2000), 120-128.

L. Molnéar, A Wigner type theorem on symmetry transformations in type II factors, Int. J.
Theor. Phys. 39 (2000), 1463-1466.

L. Molnér, Jordan maps on standard operator algebras, Functional Equations - Result and
Advances, in Z. Dar6czy and Zs. Péles (eds.), Advances in Mathematics, Vol. 3., Kluwer
Acad. Publ., Dordrecht (2001), 305-320.

L. Molnar, Local automorphisms of some quantum mechanical strucutres, Lett. Math. Phys.
58 (2001), 91-100.

L. Molnér, Transformations on the set of all n-dimensional subspaces of a Hilbert space
preserving principal angles, Commun. Math. Phys. 217 (2001), 437-450.

L. Molnar, 2-local isometries of some operator algebras, Proc. Edinb. Math. Soc. 45 (2002),
349-352.

L. Molnar, Local automorphisms of operator algebras on Banach spaces, Proc. Amer. Math.
Soc. 131 (2003), 1867-1874.

L. Molnar and M. Barczy, Linear maps on the space of all bounded observables preserving
maximal deviation, J. Func. Anal., submitted for publication.

12



[69]

[70]

[71]

[72]

[73]

[74]
[75]
[76]
[77]
78]

[79]

[80]

[81]

[82]

[83]
[84]

[85]

[36]

[87]

[38]

L. Molnar and M. Gyéry, Reflexivity of the automorphism and isometry groups of the
suspension of B(H), J. Funct. Anal. 159 (1998), 568-586.

L. Molnar and P. Semrl, Local automorphisms of the unitary group and the general linear
group on a Hilbert space, Expo. Math. 18 (2000), 231-238.

L. Molnér and B. Zalar, Reflexivity of the group of surjective isometries of some Banach
spaces, Proc. Edinburgh Math. Soc. 42 (1999), 17-36.

L. Molnar and B. Zalar, On local automorphisms of group algebras of compact groups,
Proc. Am. Math. Soc. 128 (2000), 93-99.

L. Molnér and B. Zalar, Three-variable *-identities and ring homomorphisms of operator
ideals, Publ. Math. Debrecen (to appear).

G.J. Murphy, C*-algebras and operator theory, Academic Press, 1990.

M.A. Naimark, Normed algebras, Wolters-Noordhoff Publishing, 1972.

A. Nowicki, On local derivations in the Kadison sense, Colloq. Math. 89 (2001), 193-198.
M. Omladi¢, On operators preseving commutativity, J. Func. Anal. 66 (1986), 105-122.

M. Omladi¢, H. Radjavi, and P. Semrl, Preserving commutativity, J. Pure Appl. Algebra
156 (2001), 309-328.

M. Omladi¢ and P. Semrl, Additive mappings preserving operators of rank one, Linear
Algebra Appl. 182 (1993), 239-256.

M. Radjabalipour, K. Seddighi, and Y. Taghavi, Additive mappings on operator algebras
preserving abolute values, Lin. Alg. Appl. 327 (2001), 197-206.

H. Radjavi and P. Rosenthal, On invariant subspaces and reflexive algebras, Amer. J. Math.
91 (1969), 683-692.

J. Ratz, On Wigner’s theorem: remarks, complements, comments and corrolaries, Aequa-
tiones Math. 52 (1996), 1-9.

S. Sakai, C*-algebras and W*-algebras, Springer-Verlag, 1971.

F. Cabello Sanchez and L. Molnar, Reflexivity of the isometry group of some calssical
spaces, Rev. Mat. Iberoam. 18 (2002), 409-430.

E. Scholz and W. Timmermann, Local derivations, automorphisms and commutativity
preserving maps on LT(D), Publ. Res. Inst. Math. Sci. 29 (1993), 977-995.

P. Semrl, Isomorphisms of standard operator algebras, Proc. Amer. Math. Soc. 123 (1995),
1851-1855.

P. Semrl, Linear maps that preserve the nilpotent operators, Acta Sci. Math. (Szeged) 61
(1995), 523-534.

P. Semrl, Local automorphisms and derivations on B(H), Proc. Amer. Math. Soc. 125
(1997), 2677-2680.

13



[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]
(98]

[99]

C.S. Sharma and D.L. Almeida, A direct proof of Wigner’s theorem on maps which preserve
transition probabilities between pure states of quantum systems, Ann. Phys. 197 (1990),
300-309.

V.S. Shulman, Operators preserving ideals in C*-algebras, Studia Math. 109 (1994), 67-72.

A.R. Sourour, Invertibility preserving linear maps on L(X), Trans. Amer. Math. Soc. 348
(1996), 13-30.

U. Uhlhorn, Representation of symmetry transformations in quantum mechanics, Ark.
Fysik 23 (1963), 307-340.

R. Wang, Linear isometric operators on the C’én) (X) type spaces, Kodai Math. J. 19 (1996),
259-281.

N. Weaver, Isometries of noncompact Lipschitz spaces, Canad. Math. Bull. 38 (1995),
242-249.

M. Wiehl, Local derivations on the Weyl algebra with one pair of generators, Acta Math.
Hung. 92 (2001), 51-59.

E.P. Wigner, Gruppentheorie und ihre Anwendung auf die Quantenmechanik der Atom-
spektrum, Fredrik Vieweg und Sohn, 1931.

J. Wu, Local derivations of reflexive algebras, Proc. Am. Math. Soc. 125 (1997), 869-873.

J. Wu, Local derivations of reflexive algebras II, Proc. Am. Math. Soc. 129 (2001), 1733
1737.

Y.H. Yon, Local derivations of the polynomial ring over a field, Bull. Korean Math. Soc.
36 (1999), 247-257.

[100] J. Zhu, Local derivations of nest algebras, Proc. Am. Math. Soc. 123 (1995), 739-742.

14



List of Publications Treated in the Thesis

. M. Gy6ry and L. Molnér, Diameter preserving bijections of C'(X),
Arch. Math. 71 (1998), 301-310.

. M. Gyéry, L. Molndr and P. Semrl, Linear rank and corank preserving maps on B (H)
and an application to *-semigroup isomorphisms of operator ideals,

Linear Alg. Appl. 280 (1998), 253-266.

. L. Molnar and M. Gyéry, Reflexivity of the automorphism and isometry groups of the
suspension of B(H),

J. Funct. Anal. 159 (1998), 568-586.

. M. Gy6ry, Diameter preserving bijections of Cy(X),
Publ. Math. Debrecen 54 (1999), 207-215.

. M. Gyéry, 2-local isometries of Cy(X),
Acta. Sci. Math. (Szeged) 67 (2001), 735-746.

. M. Gyéry, On the transformations of all n-dimensional subspaces of a Hilbert space
preserving orthogonality,

Publ. Math. (Debrecen) 65 (2004), 233-242.

. M. Gy6ry, On the reflexivity of the isometry groups of the suspension of B(H),
Studia Math., to appear.

. M. Gy6ry, A new elementary proof for Wigner’s theorem,

Rep. Math. Phys., to appear.

15



List of Independent Citations

1. M. Gy6ry and L. Molnar, Diameter preserving bijections of C(X), Arch. Math. 71
(1998), 301-310.

» 1) F. Gonzalez and V.V. Uspenskij, On homomorphisms of groups of integer-valued
functions, Extracta Math. 14 (1999), 19-29.

» o) F. Cabello Sanchez, Diameter preserving linear maps and isometries, Arch. Math.
73 (1999), 373-379.

» 3 F. Cabello Sanchez, Diameter preserving linear maps and isometries 11, Proc. Indian
Acad. Sci. 110 (2000), 205-211.

» 1) A. Cabello Sanchez and F. Cabello Sanchez, Mazimal norms on Banach spaces of
continous functions, Math. Proc. Camb. Philos. Soc. 129 (2000), 325-330.

» ) T.S.S.R.K. Rao and A.K. Roy, Diameter preserving linear bijections of functions
spaces, J. Austral. Math. Soc. 70 (2001), 323-335.

» &) B.A. Barnes and A.K. Roy, Diameter preserving maps on various classes of functions
spaces, Studia Math. 153 (2002), 127-145.

» (n J.J. Font and M. Sanchis, A characterization of locally compact spaces with homeo-
morphic one-point compactifications, Topology Appl., 121 (2002), 91-104.

»  J.J. Font and M. Sanchis, Eztreme points and the diameter norm, Rocky Mountain
J. Math. (to appear)

» 9 A.L Istratescu and V.I. Istratescu, Diameter preserving bijections on Lip% or lipg(’o,
(preprint)

» a0y A. 1. Istratescu and V. I. Istratescu, Triangle area preserving maps: I, (preprint)

2. M. Gyéry, L. Molnar and P. Semrl, Linear rank and corank preserving maps on B(H)
and an application to *-semigroup isomorphisms of operator ideals, Linear Alg. Appl.
280 (1998), 253-266.

» a1y M. Radjabalipour, Additive mappings on von Neumann algebras preserving absolute
values, Linear Algebra Appl. (to appear)

3. L. Molnar and M. Gyéry, Reflexivity of the automorphism and isometry groups of the
suspension of B(H), J. Funct. Anal. 159 (1998), 568-586.

» 12) M. Barczy and M. Té6th, Local automorphisms of the sets of states and effects on a
Hilbert space, Rep. Math. Phys. 48 (2001), 289-298.

» a3 F. Cabello Sanchez, The group of automorphisms of L., is algebraically reflexive,
(preprint)

» a4y K. Jarosz and T.S.S.R.K. Rao, Local isometries of function spaces, Math. 7. 243
(2003), 449-469.

16



List of Citations by Co-authors

1. M. Gy6ry and L. Molnar, Diameter preserving bijections of C(X), Arch. Math. 71
(1998), 301-310.

» iy M. Barczy and L. Molnér, Linear maps on the space of all bounded observables

preserving mazimal deviation, J. Funct. Anal. (to appear)

2. M. Gyéry, L. Molnar and P. Semrl, Linear rank and corank preserving maps on B(H)
and an application to *-semigroup isomorphisms of operator ideals, Linear Alg. Appl.
280 (1998), 253-266.

» 2 L. Molnar, Order isomorphisms and triple isomorphisms of operator ideals and their
reflexivity, Arch. Math. 69 (1997), 497-506.

» 3 L. Molnédr, Some linear preserver problems on B(H) concerning rank and corank,
Linear Algebra Appl. 286 (1999), 311-321.

» @ L. Molnar, Some multiplicative preservers on B(H), Linear Algebra Appl. 301
(1999), 1-13.

3. L. Molnar and M. Gyéry, Reflexivity of the automorphism and isometry groups of the
suspension of B(H), J. Funct. Anal. 159 (1998), 568-586.

» 5) L. Molnar, Multiplicative maps on ideals of operators which are local automorphisms,
Acta Sci. Math. (Szeged) 65 (1999), 727-736.

» » L. Molnér and P. Semrl, Local automorphisms of the unitary group and the general
linear group on a Hilbert space, Expo. Math. 18 (2000), 231-238.

» (n L. Molnar, Reflezivity of the automorphism and isometry groups of C*-algebras in
BDF theory, Arch. Math. 74 (2000), 120-128.

» 5y L. Molnar and B. Zalar, On local automorphism of group algebras of compact groups,
Proc. Amer. Math. Soc. 128 (2000), 93-99.

» 0 L. Molnar, Local automorphisms of some quantum mechanical structures, Lett. Math.
Phys. 58 (2001), 91-100.

» 10y L. Molnar, A reflexivity problem concerning the C*-algebra C'(X) ® B(H), Proc.
Amer. Math. Soc. 129 (2001), 531-537.

» any F. Cabello Sanchez and L. Molnar, Reflexivity of the isometry group of some classical
spaces, Rev. Mat. Iberoam. 18 (2002), 409-430.

» 12) L. Molnar, 2-local isometries of some operator algebras, Proc. Edinb. Math. Soc.
45 (2002), 349-352.

17



List of Talks at International Conferences

. Diameter preserving linear bijections of C'(X),
17th International Conference on Operator Theory,

Temesvéar (Romania), 1998

. Diameter preserving linear bijections of Cy(X),
Numbers, Functions, Equations 98 International Conference,

Noszvaj (Hungary), 1998

. Reflexivity of the automorphism and isometry groups of some operator algebras,

2nd Workshop on Functional Analysis and its Applications in Mathematical Physics and
Optimal Control,

Nemecka (Slovakia), 1999

. On the 2-local isometries of Cy(X),

38th International Symposium on Functional Equations,

Noszvaj (Hungary), 2000

. Transformations on the set of all n-dimensional subspaces of a Hilbert space preserving
orthogonality,

3rd Workshop on Functional Analysis and its Applications in Mathematical Physics and
Optimal Control,

Nemecka (Slovakia), 2001

. Transformations on the set of all n-dimensional subspaces of a Hilbert space preserving
orthogonality,

8th International Conference on Functional Equations and Inequalities,

Zlockie (Poland), 2001

18



